culture, both the CB1 receptor agonist [3-(1,1-dimethylheptyl)-11-hydroxy-⌬ 8 tetrahydrocannabinol] (HU210) and the D2 receptor agonist quinpirole inhibited forskolin-stimulated cAMP accumulation when applied separately. In contrast, HU210 and quinpirole in combination augmented cAMP accumulation. This augmentation was blocked by the CB1 receptor antagonist SR141716A or the D2 antagonist sulpride. Pertussis toxin treatment of striatal neurons prevented the inhibition of cAMP accumulation by D2 receptors but unmasked a cannabinoid receptor-mediated stimulatory effect on cAMP accumulation. The cannabinoid receptor-stimulated accumulation of cAMP was blocked in a concentration-dependent manner by SR141716A, suggesting that the response was regulated through the CB1 receptor. Similar augmentation of cAMP accumulation after pertussis toxin treatment was observed in Chinese hamster ovary (CHO) cells transfected with, and stably expressing, the CB1 receptor. This stimulation of cAMP was not Ca 2ϩ -sensitive and was unaffected by a range of protein kinase inhibitors. Treatment of the pertussis toxin-treated cells with cholera toxin before CB1 receptor activation amplified the stimulatory pathway, suggesting that this response was mediated through a G s -type G-protein. Stimulation of cAMP accumulation was not observed after pertussis toxin treatment of CHO cells expressing the human CB2 receptor, suggesting that this novel signaling pathway is unique to the cannabinoid CB1 receptor.
Cannabinoids act at the CB1 receptor to inhibit adenylate cyclase activity via a pertussis toxin-sensitive G-protein. Within the striatum, CB1 receptors have been shown to be localized on the same neurons as G i -coupled dopamine D2 receptors. In this study we have examined the interactions of CB1 and D2 receptors on adenylate cyclase. In striatal neurons in primary culture, both the CB1 receptor agonist [3-(1,1-dimethylheptyl)-11-hydroxy-⌬ 8 tetrahydrocannabinol] (HU210) and the D2 receptor agonist quinpirole inhibited forskolin-stimulated cAMP accumulation when applied separately. In contrast, HU210 and quinpirole in combination augmented cAMP accumulation. This augmentation was blocked by the CB1 receptor antagonist SR141716A or the D2 antagonist sulpride. Pertussis toxin treatment of striatal neurons prevented the inhibition of cAMP accumulation by D2 receptors but unmasked a cannabinoid receptor-mediated stimulatory effect on cAMP accumulation. The cannabinoid receptor-stimulated accumulation of cAMP was blocked in a concentration-dependent manner by SR141716A, suggesting that the response was regulated through the CB1 receptor. Similar augmentation of cAMP accumulation after pertussis toxin treatment was observed in Chinese hamster ovary (CHO) cells transfected with, and stably expressing, the CB1 receptor. This stimulation of cAMP was not Ca 2ϩ -sensitive and was unaffected by a range of protein kinase inhibitors. Treatment of the pertussis toxin-treated cells with cholera toxin before CB1 receptor activation amplified the stimulatory pathway, suggesting that this response was mediated through a G s -type G-protein. Stimulation of cAMP accumulation was not observed after pertussis toxin treatment of CHO cells expressing the human CB2 receptor, suggesting that this novel signaling pathway is unique to the cannabinoid CB1 receptor.
Key words: cannabinoid; G-protein; adenylate cyclase; CB1 receptor; dopamine; D2 receptor; striatum C annabinoids exert many of their effects through activation of G i -protein-coupled receptors. T wo subtypes of cannabinoid receptors have been identified. The CB1 receptor (Matsuda et al., 1990 ) is distributed predominantly in the C NS and testis (Matsuda et al., 1990; Gerard et al., 1991; Westlake et al., 1994) , and the CB2 receptor (Munro et al., 1993) is localized in peripheral tissue, including the marginal zone of the spleen (Munro et al., 1993) . Within the C NS, the CB1 receptor is localized densely in the basal ganglia (Herkenham et al., 1991a, b; Glass et al., 1997b) , and a role for cannabinoids in normal and abnormal physiology of basal ganglia f unction is emerging (for review, see Glass et al., 1997a) . Within the striatum, the CB1 receptor has been localized to the medium spiny neurons (Herkenham et al., 1991a ) that act as the major output neurons of the striatum. Medium spiny neurons can be divided in two subclasses based on where their projections terminate and based on their neuropeptide content (Beckstead and Kearsey, 1985; Beckstead and Cruz, 1986; GimenezAmaya and Graybiel, 1990) . One population of neurons releases substance P and projects to the substantia nigra, whereas the other subset contains enkephalin and projects to the globus pallidus (Graybiel, 1990) . The two populations also contain different populations of dopamine receptors. Dopamine D1 receptors are localized predominantly on neurons releasing substance P, and dopamine D2 receptors are localized on enkephalin releasing neurons (Le Moine et al., 1991) . CB1 receptors have been identified on both subpopulations of medium spiny neurons (Mailleux and Vanderhaeghen, 1992) .
Previous studies have demonstrated the functional coupling of CB1 receptors to the inhibition of adenylate cyclase and voltagedependent calcium channels via pertussis toxin-sensitive G-proteins (Felder et al., 1992; Mackie and Hille, 1992) . Both D1 and D2 dopamine receptors also couple to adenylate cyclase via G-proteins. Dopamine D1 receptors stimulate adenylate cyclase via G s -proteins (Monsma et al., 1990) , whereas dopamine D2 receptors inhibit adenylate cyclase via G i -proteins (Sibley and Monsma, 1992) . Although there is evidence for associations between the actions of cannabinoids and dopamine within the striatum (for review, see Glass et al., 1997a) , signaling interactions between these receptors have not been investigated extensively. Previously, CB1 receptors have been shown to inhibit D1 receptor-mediated cAMP accumulation (Bidaut-Russell and Howlett, 1991) . However, an interaction between D2 and CB1 receptors has not been established. We now report that concurrent activation of D2 and CB1 receptors results in an increase in cAMP accumulation in contrast to the inhibition of cAMP accumulation normally observed with activation of either receptor alone. We suggest that these data demonstrate a novel pathway in which the CB1 receptor couples to a G s -protein, indicating that cannabinoid receptor function may be more complex than the simple G i linkage described previously.
MATERIALS AND METHODS Cell Culture
Primar y striatal culture. Striatum was dissected from embryonic rat pups on embryonic day 18 (E18) and placed in D1 saline (100 U/ml papain, 100 mM CaCl 2 , 50 mM EDTA, and 1.5 mM NaOH) for 15 min at 37°C, washed for 5 min with 10FC [10% fetal calf serum, 50 U/ml penicillin / streptomycin, 4 mM glutamine in minimum essential media (M EM) containing 2.5 mg /ml trypsin inhibitor and 2.5 mg /ml bovine serum albumin (BSA)]. C ells were then dissociated in 10FC and plated at 3 million / well in six-well plates in neurobasal media (B27 supplement, Life Technologies, Gaithersburg, MD; 0.5 mM L-glutamine; and 25 M glutamate) on a confluent background of astrocytes. Astrocytes were prepared identically but plated in 10FC. Confluent astrocyte cultures were treated with 6.6 g /ml 5Јfluoro-2Јdeoxyurindine (mitotic inhibitor). Neurons were fed with neurobasal media without glutamate on days 3 and 7, and cAM P assays were performed between days 4 and 8. All cell culture media were obtained from BioWhittaker (Walkersville, MD).
Chinese hamster ovary (CHO)-K1 cells were obtained from American T ype Culture Collection (Rockville, MD) and maintained as described previously (Felder et al., 1990) . The human cannabinoid CB1 and CB2 receptor cDNA were expressed stably in CHO cells as described previously (Felder et al., 1992) . CHO cells stably expressing the D2 receptor were provided generously by Dr. David Sibley (National Institute of Neurological Disorders and Stroke, Bethesda, MD).
Assay of cA MP accumulation. Measurement of cAM P accumulation was performed as described previously with the following modifications (Felder et al., 1990) . All ligands were diluted in silonized-glass test tubes with Eagle's No. 2 media containing 50 mg /ml fatty acid-free BSA. The final BSA concentration was 5 mg /ml. Assays were performed in silonized glass, with ϳ4 ϫ 10 5 cells / 0.25 ml final assay volume, over a period of 5 min at 37°C. The reaction was stopped with the addition of an equal volume of 0.1N HC l, after which 50 l was removed for radioimmunoassay of cAM P as described previously (Felder et al., 1990) . H U210 and H U211 were provided generously by Dr. Raphael Mechoulam (Hebrew University, Jerusalem, Israel). SR141716A was provided by the National Institute of Drug Abuse (Rockville, MD). Quinpirole and sulpride were obtained from Research Biochemicals International (Natick, M A). The cells were washed twice and suspended in calcium-free Eagle's No. 2 media with 0.5 mM EGTA to determine the role of extracellular calcium on cAM P accumulation. The role of intracellular calcium was determined by pretreatment in the above buffer with 1 mM ATP for 10 min at 37°C to deplete intracellular calcium stores (Singer-Lahat et al., 1996) . The ATP was removed by washing, and the cells were suspended in the calcium-free media. When required, cells were treated overnight with pertussis toxin (5 ng /ml; C albiochem, La Jolla, CA). Treatment with cholera toxin (2 g /ml; C albiochem) was performed in serum-free ␣-M EM for 1 hr before the start of the experiment. The possible involvement of protein kinases was examined using selected inhibitors (C albiochem) at the concentrations shown in Table 1 . C ells were preincubated with the inhibitors in the assay buffer for 10 min at 37°C before the addition of forskolin and H U210.
Measurement of intracellular calcium concentration in single f ura-2-loaded cells. C ells grown on glass coverslips coated with Vitrogen (300 g /ml; Collagen Corp., Palo Alto, CA) were loaded with 5 M f ura-2/AM ester (Molecular Probes, Eugene, OR) for 30 min at 37°C. Fura-2 fluorescence was measured using an intensified CCD video camera at an emission wavelength of 510 nM in single cells mounted on a Nikon (Melville, N Y) Diaphot microscope illuminated alternately with 340 and 380 nm light (bandpass 4 nm), using a SL M-AM I NC O (Urbana, IL) DMX-1000 spectroflourometer and Universal Imaging (West Chester, PA) Metafluor software.
RESULTS

Interaction of dopamine and cannabinoid receptors in primary striatal culture
Primary striatal cultures from E18 rats were tested functionally for the presence of cannabinoid CB1 and dopamine D2 receptors. As shown in Figure 1 , the CB1 receptor agonist HU210 and the dopamine D2 receptor agonist quinpirole both inhibited cAMP accumulation in primary striatal culture. The inhibition of cAMP accumulation was blocked by either the CB1 receptor antagonist SR141716A (1 M) or the D2 receptor antagonist sulpride (1 M), respectively ( Fig. 1 ). CB1 and D2 receptors were then activated simultaneously in the presence of forskolin to determine whether the inhibitory responses were synergistic. In contrast to the data shown in Figure 1 , activation of CB1 receptors in the presence of quinpirole resulted in a dose-dependent augmentation of cAMP accumulation (Fig. 2) . The augmentation of cAMP accumulation Figure 1 . Effect of CB1 and D2 agonists on forskolin-stimulated cAMP accumulation in primary striatal cultured neurons. Forskolin-stimulated (50 nM) cAM P accumulation was measured in primary culture of the striatum in the presence or absence of quinpirole (100 nM) and HU210 (1 M) as described in Materials and Methods. The inhibition of cAMP accumulation by these compounds was blocked by the D2 receptor antagonist sulpride (1 M) or the CB1 antagonist SR141716A (1 M), respectively. Data are the mean Ϯ SEM of at least three experiments performed in duplicate. One hundred percent accumulation is equivalent to 39 Ϯ 8.5 pmol /mg cAM P. was blocked completely by either SR141716A (1 M) or sulpride (1 M)(data not shown). C ells were treated overnight with pertussis toxin to determine the contribution of G i to the interaction of CB1 and D2 receptors. Pertussis toxin treatment uncouples receptors from G i -proteins by catalyzing ADP ribosylation of the ␣-subunit thereby preventing the activation of the G-protein. After overnight treatment of the primary striatal cultures with pertussis toxin (5 mg/ml), quinpirole no longer inhibited forskolin-stimulated cAM P accumulation (data not shown). In contrast, H U210 stimulated a concentration-dependent increase in the forskolin-stimulated accumulation of cAMP that was prevented with SR141716A (1 M), consistent with a CB1 receptor-mediated mechanism (Fig. 3A) .
cAMP accumulation in CHO cells transfected with the human CB1 receptor CB1 receptor stimulation of cAM P accumulation was investigated f urther in a clonal CHO cell line stably expressing the human CB1 receptor (CHO-hCB1). In these cells, HU210 demonstrated a high-potency concentration-dependent inhibition of forskolin-stimulated cAM P accumulation (Fig. 3B) . As seen in the primary striatal cultures, overnight treatment with pertussis toxin abolished the inhibitory response and unmasked an HU210-dependent increase in cAM P accumulation above forskolin-stimulated levels (Fig. 3B) . This stimulation was blocked by SR141716A (1 M). Pertussis toxin treatment of CHO cells expressing either CB2 or D2 receptors abolished receptormediated modulation of cAMP in these cells but did not result in an increase in cAMP accumulation (data not shown), indicating that the stimulatory response is not common to all G i -linked receptors.
Several controls were used to ensure that the accumulation of cAMP in pertussis toxin-treated CHO-hCB1 cells was mediated by the CB1 receptor. HU211, the inactive enantiomer of HU210, failed to produce any effect on forskolin-stimulated cAMP accumulation in CHO-hCB1 (data not shown). Furthermore, HU210 did not alter cAMP accumulation in nontransfected CHO-K1 cells (data not shown). Cannabinoids have been reported to exert a number of nonreceptor-mediated effects (Razdan, 1986; Felder et al., 1992) . Experiments were performed to ensure that the interaction observed between CB1 and D2 receptors in cultured neurons was not attributable to HU210 altering the ability of the D2 receptor to inhibit cAMP. In CHO cells expressing only the dopamine D2 receptor, HU210 (1 M) did not influence the inhibition of forskolin-stimulated cAMP accumulation by quinpirole (data not shown).
The coupling of the CB1 receptor to stimulation of cAMP accumulation may be mediated through the stimulatory protein G s-␣ . G s-␣ and forskolin have been shown to be synergistic in their activation of adenylate cyclase (Downs and Aurbach, 1982; Barovsky and Brooker, 1985) . Consistent with this activity, in the presence of pertussis toxin, enhanced cAMP accumulation was observed when HU210 and forskolin were added together, compared with the level of stimulation observed when each agent was added alone (Fig. 4 A) . Cholera toxin, which selectively ADP ribosylates and constitutively activates G s-␣ subunits, provides a mechanism to demonstrate turnover of G s -proteins (Gill and Meren, 1978 ). The G s-␣ subunits only become available as a substrate for the toxin as they are released from the heterotrimeric G-protein, such as occurs after receptor stimulation. Therefore, after preincubation with cholera toxin, stimulation of receptors coupled to G s releases ␣ subunits, enabling them to be activated permanently by cholera toxin, and resulting in amplification of agonist-dependent increases in cAMP accumulation. As shown in Figure 4 B, cholera toxin treatment increased basal levels of cAMP, and this increase was partially inhibited by HU210. At higher concentrations of HU210 a reversal of the inhibition of cAMP accumulation was observed, suggesting an underlying stimulatory component. Therefore, the same experiment was performed in the presence of pertussis toxin to remove the HU210-mediated inhibition of cholera toxin-stimulated cAMP accumulation (Fig. 4C) . In the presence of pertussis toxin, HU210 enhanced the cholera toxin response, indicating mediation through G s .
Additional mechanisms of regulation of the CB1 receptormediated stimulatory response were investigated. Removal of extracellular calcium or depletion of intracellular calcium stores had no effect on the inhibitory or stimulatory responses mediated through the CB1 receptor (Table 1) . A spectrum of protein kinase inhibitors also had no effect on the inhibitory or stimulatory responses mediated through the CB1 receptor (Table 2) . Furthermore, no calcium mobilization was observed at the concentrations of HU210, which produce stimulation of cAMP accumulation in pertussis toxin-treated cells.
Cannabinoid agonists have been shown previously to stimulate a receptor-independent release of calcium from intracellular stores at high concentrations, suggesting a nonspecific pharmacological effect (Felder et al., 1992) . Overnight incubation with Figure 2 . Effect of concurrent activation of D2 and CB1 receptors on cAMP accumulation in primary striatal culture. Forskolin-stimulated (50 nM) cAMP accumulation was measured in primary striatal culture as described in Materials and Methods in combination with 100 nM quinpirole and increasing concentrations of H U210. H U210 reversed the quinpirole-mediated inhibition of forskolin-stimulated cAM P accumulation in a concentration-dependent manner to levels above that demonstrated with forskolin alone (EC 50 ϭ 6.1 Ϯ 1.2 nM). The stimulation of cAMP accumulation in the presence of forskolin and quinpirole at 1 M HU210 was blocked by 1 M SR141716A. Data are the mean Ϯ SEM of at least three experiments performed in duplicate.
pertussis toxin (5 ng /ml) did not alter the receptor-independent calcium-mobilizing effects of 50 M H U210.
DISCUSSION
This study has examined the interactions between cannabinoid CB1 and dopamine D2 receptors within the striatum. Activation of either CB1 or D2 receptors in primary striatal culture resulted in an inhibition of cAM P accumulation. In contrast, simultaneous activation of both receptors resulted in an augmentation of cAM P accumulation. Pertussis toxin treatment of striatal neurons prevented the inhibition of adenylate cyclase by both CB1 and D2 receptors and unmasked a CB1 but not D2 receptor-mediated stimulation of cAM P accumulation. This stimulation of cAMP accumulation after pertussis toxin treatment exhibited a similar EC 50 to that observed with concurrent CB1 and D2 receptor stimulation and was blocked with the CB1 receptor antagonist SR141716A. These results suggest the existence of an alternate CB1 receptor-mediated signaling pathway involving the stimulation of adenylate cyclase. Previous studies have described cannabinoid agonist-mediated increases in cAM P accumulation (for review, see Martin et al., 1994) . However, in these studies, accumulation of cAM P occurred only at high micromolar concentrations of the cannabinoids and were likely attributable to the membrane-perturbing effects of these hydrophobic compounds (Hillard and Bloom, 1983) and not mediated through the CB1 receptor (Felder et al., 1992) . The cannabinoid agonist-mediated accumulation of cAMP described in this study occurred at low, pharmacologically relevant concentrations of the agonist and were blocked by a CB1 receptor antagonist, indicating a receptormediated pathway.
Transfected cell lines stably expressing the human CB1 receptor have proven to be useful models in understanding the molecular pharmacology of cannabinoid receptors (Felder et al., 1992 (Felder et al., , 1995 Vogel et al., 1993) . In CB1 receptor-transfected CHO cells, HU210 potently inhibited cAMP accumulation. Pertussis toxin treatment prevented the inhibition of adenylate cyclase and unmasked a concentration-dependent accumulation of cAMP, similar to that seen in striatal neurons. The cannabinoid-mediated accumulation of cAMP in CHO-hCB1 cells was prevented by SR141716A, confirming that it was mediated by the CB1 receptor. Pertussis toxin treatment of CHO cells expressing two other G i -linked receptors, the human CB2 receptor and the dopamine D2 receptor, blocked the ability of these receptors to inhibit Figure 3 . Effect of pertussis toxin on H U210-mediated inhibition of forskolin-stimulated cAM P accumulation in primary striatal culture ( A) and CHO-hCB1 cells ( B). Forskolin-stimulated (50 nM) cAM P accumulation was measured in primary striatal culture and CHO-hCB1 as described in Materials and Methods. Pertussis toxin (ϩPT X;5 ng /ml) was added ϳ18 hr before the measurement of cAM P accumulation. In the absence of pertussis toxin, HU210 inhibited forskolin-stimulated cAM P (A, EC50 ϭ 4.6 Ϯ 1.2 nM; B, EC 50 ϭ 0.17 Ϯ 0.01 nM). After pertussis toxin treatment, HU210 resulted in an increase in forskolin-stimulated cAM P (A, EC50 ϭ 1.2 Ϯ 1.1 nM; B, EC50 ϭ 1.6 Ϯ 0.04 nM). Both the inhibition and the stimulation of cAMP were prevented by concurrent exposure to 1 M SR141716A (open symbols). Data are the mean Ϯ SEM of at least three experiments performed in triplicate. One hundred percent accumulation is equivalent to A, 39 Ϯ 8.5 pmol /ml; B, 39.4 Ϯ 3 pmol /ml. cAMP accumulation but did not result in any receptor-mediated accumulation of cAMP, suggesting that the stimulatory pathway is a novel signaling pathway associated with the CB1 receptor rather than a common feature of G i -linked receptors.
The ability of cholera toxin and forskolin to amplify the CB1 receptor-mediated accumulation of cAMP supports a role for G s -proteins in the stimulatory response (Gill and Meren, 1978; Downs and Aurbach, 1982; Barovsky and Brooker, 1985) . The requirement for pertussis toxin pretreatment to unmask the stimulation fully suggests that the coupling of the CB1 receptor to G s is less efficient than its coupling to G i . It is possible that D2 receptor activation could enhance the coupling of CB1 receptors to G s , by altering the ratio of G i -versus G s -proteins available to the CB1 receptor. However, the relatively high abundance of G i -proteins compared with G s -proteins makes this possibility unlikely. Alternatively, D2 receptor stimulation may provide a mechanism for amplification of the CB1 receptor-coupled G s signal through the release of ␤␥-subunits. G-protein ␤␥-subunits can increase G ␣s stimulation of type II and type IV adenylate cyclase (Feinstein et al., 1991; Gao and Gilman, 1991) . Therefore, stimulation of D2 receptors would result in the release of G i␣ and ␤␥-subunits, and the ␤␥-subunits in concert with CB1 stimulated G ␣s would result in stimulation of cAMP as the dominant response.
G-protein coupled receptors have been shown previously to couple to more than one G-protein (Law et al., 1993; Wu et al., 1993; Chabre et al., 1994; Wang et al., 1995; Herrlich et al., 1996) . For example, C10, C4, and C2 subclones of the ␣-2 adrenergic receptor couple to G i -and G s -proteins (Eason et al., 1992) . D1 receptors couple to G s -and G q -proteins in the striatum (Wang et al., 1995) and kidney (Felder et al., 1989) . The coupling of CB1 but not CB2 receptors to G s observed in this study suggests that these receptors differ in their ability to couple to G-proteins and signaling effectors. This is consistent with the finding that CB1 receptors, but not CB2 receptors, couple to Q-type calcium channels and inwardly rectifying potassium channels in transfected AtT-20 cells (Felder et al., 1995) . Thus, whereas their pharmacological profiles suggest similar ligand-binding properties, the intracellular responses to activation of either receptor are largely different. CB1 and CB2 receptors demonstrate 68% sequence homology at the active site, but only 44% homology overall (Munro et al., 1993) . Previous studies have demonstrated the third intracellular loop to be important for receptor-G-protein coupling (Kobilka et al., 1988; Liggett et al., 1991; Okamoto et al., 1991; Liu and Wess, 1996) . This region is substantially larger in the CB1 receptor than in the CB2 receptor (Munro et al., 1993) , suggesting that this may be a useful area for future consideration of the molecular determinants for G s coupling to receptors.
At least eight subtypes of adenylate cyclase have been identified (for review, see Cooper et al., 1995) and although all eight types can be activated by G s , alternative mechanisms of activa- Figure 4 . Evidence suggesting a G s linkage for the CB1 receptor. A, CHO-hCB1 cells were treated overnight with pertussis toxin. H U210 did not affect basal levels of cAM P accumulation in the absence of forskolin. Increasing concentrations of forskolin resulted in an amplification of HU210-induced cAM P accumulation above forskolin levels. Data are mean Ϯ SEM from a representative experiment. B, cAM P levels after 4 pretreatment with cholera toxin. Cholera toxin results in an increase in basal cAM P accumulation. H U210 stimulation in the absence of forskolin resulted in a U-shaped concentration response curve, with inhibition at lower doses but stimulation at high doses. Data are mean Ϯ SEM from a representative experiment. C, C ells were treated overnight with pertussis toxin before treatment with cholera toxin. An amplified signal was observed after cholera toxin treatment (ϩPT X/CT X ), compared with pertussis treatment (ϩPT X ) alone. All experiments were performed in the absence of forskolin. Data are mean Ϯ SEM from a representative experiment.
tion also exist for certain subtypes. For example, protein kinase C (PKC) stimulates type II and V II adenylate cyclase, whereas Ca 2ϩ stimulates type I, III, and V III but inhibits type V and VI. We investigated whether either of these mechanisms could explain the CB1-mediated accumulation of cAM P after pertussis toxin treatment. Neither inhibition of PKC nor depletion of calcium influenced the ability of H U210 to stimulate adenylate cyclase in pertussis toxin-treated CHO-hCB1 cells. Furthermore, in agreement with previous studies (Felder et al., 1992) , HU210 did not seem to induce the mobilization of intracellular Ca 2ϩ at the concentrations used in this study.
The stimulation of cAM P after concurrent activation of CB1 and D2 receptors suggests a possible physiological relevance for the coupling of CB1 to G s . Increasing evidence indicates that a single receptor subtype may be linked to the formation of multiple, parallel, intracellular signals. This spectrum of heterogenous effectors may be produced through activation of one or several G-proteins. However, it is unlikely that all the signals driven by a single receptor subtype are equally operative under all circumstances, but as evidenced in this study, it seems that the functional weight of one pathway relative to another can be altered by interactions with other receptors. The specificity of these receptor interactions requires f urther study. For example, does the CB1 receptor interact with just D2 receptors or with all G i -coupled receptors? Discriminatory interactions between the CB1 receptor and other G i -linked receptors would provide a mechanism for differential G-protein and effector coupling of the CB1 receptor in different regions of the brain, based on which other receptors are colocalized on the same neurons. Such interactions would provide an additional mechanism for discrete regulation of neurotransmitter signals, beyond the receptor subtype specificity. 
